The positions of all peaks are similar to that of pristine Sb 2 Te 3 films, indicating that the Cr-and V-doped Sb 2 Te 3 films have the same crystalline quality as that of the pristine film (Fig. S3a) .
Presence of no other phase could be identified in the doped Sb 2 Te 3 films from these XRD data.
The Te(100) peak in these protective layers indicates that it forms epitaxially, that is consistent with the RHEED data (Fig. S1c) . The Curie temperature (T C ) of a magnetic material can be determined from Arrott plots. 2 The relation between ρ yx 2 and  0 H/ρ yx is given by ρ yx 2 = a + bH/ρ yx , where a and b are constants.
When the FM state is approached from above T C , the slope b of H/ρ yx increases and the intercept a changes sign from negative to positive, as shown in Fig. S7 . Therefore, the temperature where the relation is linear and goes through the origin corresponds to T C . Figure S7 The magnetic field dependence of  yx (blue) and  xx (red) at T=130mK. Note the  is about 84.40º in sample S1 at T=130mK.
For comparison with Cr-doped system, to the best of our knowledge, the largest Hall angle  in Cr-doped system is 84.40º at T=30mK, 5 whereas in V-doped TI system (sample S1) the QAH behavior with the same ~84.40º could be reached by ~130mK, as shown in Fig S13. 
